Materials and methods
Two species of Chara, namely C. zeylanica Klein ex Willd. var. and f. zeylanica (n=28) and C. corallina Klein ex Willd. var. and f. corallina (n=42) were grown in large sized glass jars, receiving natural light of a north facing window in an approximate 12:12 hours L/D cycle. Healthy plants with globules were treated with CuSO4 (0.1% and 0.25%, 0.5%) and Diurone (10ppm, 25ppm, 50ppm and 100ppm) for 3, 24, 48 and 72 hrs. In each case con trol sets without the chemicals were also kept. For the purpose of cytological study, plants possessing young globules in uppermost whorls of Chara nodes were subjected to the above two chemicals contained in suitable sized specimen jars and after respective periods of treatment were fixed and stained by propiono-orcein. Mitotic index and cytological abnormalities were then recorded under respective treatments.
Observations
While the effects of the two chemicals on the mitotic index have been plotted on Figs . 1-4, the cytological abnormalities noted due to the chemical treatment were shown in Kostal (1971) suggested that copper can affect mitosis. Cell division process of Chlorella is also inhibited by cupric ion (Kanazawa and Kanazawa 1960). Forster et al. (1976) investigat ed the kinetics of two distinct types of DNA-Cu (II) complexes (non-denatured and denatured) using stop flow and temperature technique. They suggested that copper (II) ions have got strong binding tendency to cytosine than the other bivalent transition metal ions like zinc or magnesi um. Many authors are of the opinion that copper forms a complex with protein and amino acids and causes them to precipitate (Gregoriadis and Sourkes 1968, Ozolinya and Lapinya 1976) . Thus the lowering of the mitotic index in the present treatment was also by the forma tion of DNA-Cu complex and copper-protein complex resulting in disturbed DNA synthesis.
Regarding the cytological abnormalities, the DNA-Cu or protein-Cu complexes resulted in distorted configurations leading to varied types of abnormalities.
Excess copper may also alter the cell membrane integrity (Steemann et al. 1969 (Steemann et al. , 1971 ) which may account for the budding out of chromatin matter from the cell.
In contrary to CuSO, treated cells the Diurone treated cells showed a higher mitotic index by arresting the metaphase, resulting in well scattered highly condensed chromosomes within 3 to 24hrs. It is evident from the result that Diurone was responsible for spindle disturbances and has got a capacity to behave like a pretreating chemicals, as a result of which a number of C-mitosis and polyploid cells developed. Olszewska et al. (1982) showed that cyclohexamide pulse treatment of synchronously di viding nuclei of Chara vulgaris inhibited protein synthesis in the second half of the G2 phase and caused super contraction of mitotic chromosomes.
Therefore, it may be inferred that Diurone may act in a similar manner and caused inhibition of the protein synthesis resulting in contraction of chromsomes and spindle disturbances.
One of the remarkable effect noted in the Diurone treated antheridial filamentous cell was the switching over of mitotic division to amitotic division. Amitosis in Chara and Nitella is a common occurrence in vegetative body and was noted by many workers (Sundaralingam 1946 , Gillet 1959 , Shen 1967 . But amitosis in antheridial filaments has not been reported as yet. Wolfe (1967) suggested that high ploidy with inevitable high chromosome redundancy could give rise to amitotic nuclear division if the movement of chromosomes became random.
Since large number of Diurone treated cells showed higher ploidy level, as a consequency of which, amitotic division was induced in the antheridial filaments.
Several authors are of the opinion that amitosis is a degenerative process (Wilson 1924 , Sharp 1934 . In the present case also the treated antheridial filaments showed amitosis just prior to degeneration.
It may be concluded that Chara is less susceptible to CuSO4 in showing chromosomal abnormalities, since the abnormalities appear only with 0.1%. CuSO4 solution after 24hrs treatment only. Foster (1979) claimed that a greater part of uptaken copper are excluded by plasmalema to cell surface. According to Butler et al. (1980) the copper tolerance mechanism of some strain of Chlorella vulgaris is based on cellular exclusion which seems to be related to the release of organic material.
These organic materials can decrease the ionic concentra tion of copper in the medium. The role of algal extracellular organic material in reducing copper toxicity has also been shown.
Diurone affects Chara at lower concentrations (10 ppm onwards) which are reflected in the various types of cytological abnormalities within a shorter period of time than that of CuSO4 treated cells.
Summary
Two species of Chara viz., C. zeylanica and C. corallina were treated with CuSO4 and Di urone [3-(3,4-dichloropheny)1)-1, 1-dimethyl urea] at a concentration range of 0.1 to 0.25% and 10 to 100ppm respectively. The cytological changes of antheridial filamentous cells of Chara were noted due to the chemical treatment and are analysed.
